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Organophosphorus compounds have all along attracted considerable attention as 
they have broad utilities such as reagents for chemical reactions, ligands for transition 
metal catalysts, flame retardants, biologically active molecules and building blocks in 
synthetic chemistry. Compared with metal-catalyzed coupling synthesis, such as 
Arbuzov reaction, transformations via P-center radicals processes are powerful 
methods for the synthesis of organophosphorus compounds, as they provide unique 
routes leading to target molecules in least and concise steps.  
Generally, homolytic cleavage of P-H bonds serves as a major approach for the 
generation of P-centered radicals. Initially, BEt3 and trace air are used as the radical 
initiators which are toxic or difficult in operation. Because of the limitation of radical 
initiators, there is few reports about reactions involing P-centered radicals. Recently, 
significant progresses have been made in the development of new methods for the 
generation of P-center radicals. Herein, we developed five new methods for the 
synthesis of organophosphorus compounds via phosphono-difunctionalizations. 
Part 1: In conclusion, we have successfully developed a simple, highly efficient, 
and general method for the preparation of dialkyl 6-phenanthridinephosphonates 
through Mn(OAc)3-mediated radical phosphonation of 2-isocyanobiaryls under 
relatively mild reaction conditions. As one of its notable features, the radical process 
allows the direct formation of a P-C bond and the construction of a phenanthridine 
ring in one reaction. Moreover, a variety of useful functional groups are also tolerated, 
which is attributed to the mild conditions.  
Part 2: We have successfully developed a highly efficient and general method for 
the preparation of β-hydroxyphosphonates through Mn(OAc)3-mediated radical 
oxidative phosphination of alkenes under relatively mild reaction conditions. This 
method is highly efficient and provides rapid access to a broad spectrum of 















effectively scaled up and the product can be conveniently obtained in a one-pot 
process.  
Part 3: We have developed Mn(OAc)3-mediated radical oxidative 
phosphonylation–lactonization of both terminal and internal alkenoic acids under 
relatively mild conditions. In particular, both γ- and δ-lactones were accessible under 
the standard reaction conditions bearing many functional groups in a 
diastereoselective manner.  
Part 4: The present Cu(II)-TBHP catalytic system and Mn(OAc)3-mediated radical 
oxidative provide a simple and inexpensive way to prepare 
-phosphonotetrahydrofurans and β-phosphonotetrahydropyrans in moderate to good 





-O bonds in one step.  
Part 5: We have developed an efficient protocol for the preparation of various 
3-phosphinoylindoles via phosphinoylation-cyclization-desulfonylation of various 
2-alkynylaniline derivatives with secondary phosphine oxides involving C-P and C-N 
bonds formation. Given that a wide range of substrates can be utilized for the cascade 
annulation, this simple protocol may provide a general approach to 
3-phosphinoylindoles frameworks of importance in medicinal chemistry and synthetic 
chemistry. 
 


























符号 英文含义 中文含义 
DCE 1, 2-dichloroethane 1, 2-二氯乙烷 
DME 1, 2-dimethoxyethane 乙二醇二甲醚  
DMF N, N-dimethyl formamide N, N-二甲基甲酰胺 
DMSO dimethyl sulfoxide 二甲基亚砜 
THF tetrahydrofuran 四氢呋喃 
NMP N-methyl pyrrolidone N-甲基吡咯烷酮 
TBAI tetrabutylammonium iodide 四丁基碘化铵 
LiAlH lithium aluminium hydride 氢化铝锂 
TBHP tert-butyl hydroperoxide 叔丁基过氧化氢 
TEMPO 2,2,6,6-tetramethylpiperidyloxy 2,2,6,6-四甲基哌啶氧化物 
BHT butylated hydroxytoluene 2,6-二叔丁基-4-甲基苯酚 
BQ 1,4-benzochinon 对苯醌 
Ac acetyl 乙酰基 
acac acetylacetonyl 乙酰丙酮基 
t-Bu tert-butyl 叔丁基 
Ts p-toluenesulfonyl 对甲苯磺酰基 
Ms methanesulfonyl 甲基磺酰基 
Ns p-nitrobenzenesulfonyl 对硝基苯磺酰基 















m.p. melting point 熔点 
rt room temperature 室温 
TLC thin layer chromatography 薄层色谱 
ESI-MS electrospray ionization mass spectrometry 电喷雾电离质谱 
NMR nuclear magnetic resonance 核磁共振 
HRMS high resolution mass spectrometry 高分辨质谱 
Hz hertz 赫兹 
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